Sample Preparation and Overview
The nanoparticles were synthesized via thermal decomposition of iron(III)-oleate in the presence of the stabilizing ligand oleic acid. Iron(III)-oleate was prepared from stoichiometric molar ratios of sodium-oleate and iron(III)-chloride (3:1) or with an excess of sodium-oleate (3.09:1, 3.15:1, 3.30:1) . With small excess of sodium-oleate spherically shaped nanoparticles are obtained, whereas a larger excess leads to the formation of very regular cube-shaped nanoparticles. The exact synthesis protocols for spherically and cube-shaped nanoparticles of given diameter are summarized in Table S1 . 
TEM of iron oxide nanoparticle
Fig. S1: TEM-images of cube-shaped nanoparticles, left: G25, middle: G85, right: G102. Samples G25 and G85 have a very regular cubic shape with only small edge truncations. Sample G102 has larger truncations. Cryo-electron microscopy images of cubic nanoparticles 
FC-and ZFCM measurements of magnetic nanoparticles
The magnetization data were collected using a MPMSXL-5 SQUID magnetometer under an applied field of 50 Oe over the temperature range 2 to 300 K in the settle mode (FCM/ZFCM). For the zero field cooled magnetization measurements, the magnetic field was set to zero at room temperature and the sample was cooled down to 5 K before the magnetic field was switched on. For the hysteresis loops the magnetic field was varied between +/-1 T. The dried samples were placed in gelatine capsules held within a plastic straw. The solution was measured in a sealed quarz glass tube. , at 10 K a hysteresis loop is observed, but not at 300 K. C) Zero-fieldcooled (ZFCM, 50 Oe) magnetization measurements of a solution of the magnetic nanoparticles after magnetization of the sample at 300 K for 30 min with the magnetic field given in the inset. The blocking temperature is shifted to 140 K and a slight increase of the maximum of the magnetization is obseved for increasing external field strengths indicating an influence of the magnetic field on the self-assembly of the particles. The decrease of the magnetization in the FCM-curve below 140 K likely corresponds to spontaneous antiparallel alignment of the magnetic dipoles below the freezing point of the solution.
Fig. S10: SAXS-curves
showing the influence of concentration on the magnetic field-induced self-assembly of cubic nanoparticles (G102, 7.5 nm). At room temperature, the diluted solution (2 wt%, purple crosses 0 T, green circles 1 T) exhibits a pure form factor scattering, even in the presence of a strong magnetic field, whereas at higher concentrations (11 wt%, red squares 0 T, black triangles 1 T) magnetic field-induced Bragg reflections are observed due field-induced self-assembly. 
